(19) 




(12) 



(43) Date of publication: 

10.09.1997 Bulletin 1997/37 

(21) Application number: 971 01 S94.0 

(22) Date of filing: 06.02.1997 



Europaisches Paterrtamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 794 638 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI H04L 27/233 



(84) 


Designated Contracting States: 


(72) 


Inventor: Uesugi, Wlitsuru 


OH DE ES FR GB IT LI NL 




MIdori-ku, Yokohama (JP) 


(30) 


Priority: 06.03.1 996 JP 75453/96 


(74) 


Representative: Vollnhals, Aurel, Dipi.-Ing. 




PatentanwaKe 


(71) 


Applicant: 




Tiedtke-Buhling-Kinne & Partner 


MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 




Bavariaring 4 




Kadoma-shi, Osaka-fu, 571 (JP) 




80336 Munchen (DE) 



(54) Differential detection receiver 

(57) A differential detection receiver witii a reduced 
power consumption is provided by simpl'ifying constitu- 
ent circuits of the differential detection receiver. An arc- 
tangent calculator is realized without using an multiplier 
or a conversion table. Without using a D/A converter, a 
level adjusting circuit for adjusting the absolute value of 
a vector (Ax. Ay) given as input signals Ax and Ay so as 
to make it one. The power consumption of a differential 
detection demodulator is reduced by eliminating power 
consuming circuits such as a multiplier and a large con- 
version table from the system. There are disclosed 
some embodiments. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to a differential detection receiver used in a digital radio communication and, more 
specifically, to simplification of constituent circuits and the entirety of such a receiver. 

10 2. Description of the Prior Art 

In order to effectuate differential detection with a high precision in a digital circuit, it is a common practice to multiply 
a symbol in a signal with a just preceding symbol in the signal by using a multiplier and to subsequently perform a addi- 
tion or subtraaion operation to the obtained product. However, a multiplier requires a large scale circuit and accordingly 
15 a large amount of electric power, which is especially true if differential detection is to be achieved at a high speed. For 
this reason, in order to effectuate differential detection without using a multiplier, there is adopted a scheme in which 
differential information is detected by finding an arctangent (tan ) of each symbol in a signal from a conversion table 
and calculating the difference between arctangents of adjacent symbols. Since this scheme fails to reduce the circuit 
size if the scheme requires a large conversion table, various techniques have been devised which eliminate the need 
20 of Storing a lot of data in a conversion table. 

Japanese Patent No. Sho62-549 (1987) discloses a digital arithmetic circuit which, for a given vector, calculates the 
magnitude thereof and the angle thereof witii a reference coordinate as an inverse trigonometric function or an arctan- 
gent by using a reduced-size arctangent conversion table. 

Japanese Patent No. Hei6-105.421 (1994) discloses a digital circuit for calculating an irrverse trigonometric function 
25 or an arc tangent of a 2n-bit binary number X. In this system, the calculation is achieved by utilizing the fact tiiat if the 
binary number X comprises n higher digits H and n lower digits L (X = H + L ), then the arctangent of X can be approx- 
imated as 

arctan (X) = arctan (H) + L/(H ^ + 1). 

30 

This system requires two conversion tables for arctan (H) and 1/(H^ + 1) and a multiplier. 

Furtiier, in demodulating an input signal, the input signal needs level adjustment. In order to adjust the level of the 
input signal, the gain of an input signal amplifier Is generally controlled by feeding back tine result of comparison 
between a coded output and a reference level to the input signal amplifier. 

35 Japanese Patent unexamined publication No. Hei1 -71 . 270 (1 989) discloses a level adjusting device of a just men- 
tioned type. The disclosed device comprises a differential amplifier, an A/D converter, an LPF. a gate, a gate pulse gen- 
erator, a subtracter, a nonlinear amplifier, an integrator and a D/A converter. 

However, the above mentioned arctangent calculating circuits still require conversion tables and multipliers and the 
last mentioned device requires a D/A converter, which prevents the reduction in size and power consumption of the cir- 

40 cuit. Thus, there remain in the prior art some rooms for improvement to reduce tiie size and the power consunption of 
constituent circuits of a differential detection receiver by further simplifying such circuits. 

SUMMARY OF THE INVENTION 

45 It is therefore an object of tiie invention to provide a differential detection receiver with a reduced power consurhp- 
tion by simplifying constituent circuits of the differential detection receiver. 

According to an aspect of the invention, an arctangent calculator is realized without using an multiplier or a conver- 
sion table. 

According to another aspect of the invention, there is realized without using a D/A converter a level adjusting circuit 
50 for adjusting the absolute value of a vector (Ax, Ay) given as input signals /^x and Ay so as to make it one. 

According to further asped of the invention, a differential detection demodulator with a power consumption reduced 
is realized by eliminating power consuming circuits such as a multiplier and a large conversion table from the system. 

There are described some illustrative embodiments in which a differential detection demodulator has any combina- 
tion of the features of line (or channel) quality estimation; an improved error rate by means of a soft decision error cor- 
55 rection in a channel decoder; elimination of frequency error; improvement of demodulated signal by diversity reception; 
and demodulated data selection based on integrated value of phase likelihoods. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and advantages of the present invention will be apparent from the following description of the pre- 
ferred embodiments of the invention as illustrated in the accompanying drawings. In the drawings: 

5 

FIG. 1 is a block diagram schematically showing an arctan (Ay/Ax) calculator in accordance with illustrative Embod- 
iment 1 A of the invention; 

FIG. 2 is a diagram for explaining operation of the arctan (Ax/Ay) calculator of FIG. 1 : 

FIG. 3 is a block diagram schematically showing an arctan (Ay/Ax) calculator of illustrative Embodiment IB of the 
10 invention; 

FIG. 4 is a block diagram showing in a more detailed form the arctan (Ay/Ax) calculator of FIG. 3; 

FIG. 5 is a block diagram of a differential detection demodulator in accordance with illustrative Embodiment 2A of 

the invention; 

FIG. 6 is a block diagram of a level (or gain) controller In accordance with illustrative Embodiment 3 A of the inven- 

75 tion; 

FIG. 7 Is a block diagram of a level (or gain) controller with a more simplified arrangement in accordance with illus- 
trative Embodiment 3B of the invention; 

FIG. 8 is a block diagram of a differential detection demodulator with an error output capability in accordance with 
illustrative Embodiment 2B of the invention; 
20 FIG. 9 is a block diagram of a circuit which is to be combined with the differential detection demodulator 80 of FIG. 
8 and provides it with a line quality estimate output capability in accordance with illustrative Embodiment 20 of the 
invention. 

FIG. 1 0 is a Wock diagram of a circuit which is to be combined with the differential detection demodulator 80 of FIG. 
8 and provides it with a channel decoder in accordance with illustrative Embodiment 2D of the invention; 
25 FIG. 1 1 is a block diagram of a circuit which is to be combined with the differential detection demodulator 80 of FIG. 
8 and provides it with a frequency control signal output in accordance with illustrative Embodiment 2E of the inven- 
tion; 

FIG. 12 is a block diagram of a differential detection demodulator with a frequency en-or correcting capability in 
accordance with illustrative Embodiment 2F of the invention; 
30 FIG. 1 3 is a block diagram of a differential detection demodulator in a first diversity configuration in accordance with 
illustrative Embodiment 2G of the invention; 

FIG. 1 4 is a block diagram of a differential detection demodulator in a second diversity configuration in accordance 
with illustrative Embodiment 2H of the invention; 

FIG. 1 5 is a block diagram showing an illustrative embodiment of a data receiver obtained by combining the circuits 
35 of Embodiments 1 A, 3B. 20, 2D and 2F; 

FIG. 16 is a block diagram of a differential detection demodulator with a level controller built-in accordance with 
illustrative Embodiment 21 of the invention; 

FIG. 1 7 is a diagram for explaining operation of the level controller of FIG. 16; and 

FIG. 18 is a block diagram of a differential detection demodulator with a simplified level adjusting circuit built-in 
40 accordance with illustrative Embodiment 2J of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiment 1A 

45 

FIG. 1 shows a circuit for finding an inverse trigonometric function or arctan (Ay/ Ax) for input signals Ax and Ay. 
Assume that Ax and Ay is x and y coordinates of a point (Ax. Ay) on a Cartesian plane and that the polar coordinates 
are written (1 . 0). that is. Ax^ + Ay ^ = 1 . Then we obtain 

so I Ax| - |Ay| ^ -(4e/n) + 1 ihe first quadrant (1 ) 

(4e/7r) - 3 :the second quadrant 

-(4e/n) - 3 :the third quadrant 

55 

(4e/Ti:) + 1 :the fourth quadrarit 

FIG. 2 shows a relationship between | Ax| - |Ay| and arctan (Ay/Ax). As seen from FIG. 1 , the relationship is substantially 
linear. Thus, the equation (1) gives a linear approximation to |Ax| - |Ay|, and the error between the both sides of the 
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equation (1) is at most about 1.8. The arctangent calculating circuit of FIG. 1 is realized based on the equation (1). 

In FIG. 1 . the circuit 1 0 comprises absolute value calculators 11 for calculating the absolute values |Ax| and |Ay| of 
the elements Ax and Ay of a vector (Ax, Ay), a subtracter 1 3 for subtracting the output of |Ayl calculator 1 1 from the out- 
put of |Ax| calculator 1 1 , a quadrant calculator 15 for deciding which quadrant the vector (Ax. Ay) lies in from the signs 
5 of Ax and Ay. and a converter 1 7 for calculating the value of 6 (= arctan (Ay/Ax)) on the basis of the equation (1). 

In operation, vector elements Ax and Ay are applied to the |Ax| calculator 1 1 and the | Ay| calculator 1 1 , wfhich in 
turn output absolute values |Axl and |Ay|, respectively. On receiving the absolute values, the subtracter 13 output the 
difference |Axl - |Ay| to the converter 17. 

The vector elements Ax and Ay are also applied to the quadrant calculator 15. which determines a quadrant in 
10 which the vector (Ax. Ay) lies from the signs of the vector elements Ax and Ay to output quadrant information. 

Then, the converter 17 can calculate e from the difference |Ax| - |Ay| according to the quadrant information. Specif- 
ically if the output of the subtracter 13 is written "OutlS" (hereinafter, the output of element NN will be written like 
OutNN), then since Outl3 = |Ax| - |Ay| , nJA- is otrtained, for each quadrant, as follows: 

15 k/4 = - Outi 3 + 1 for the first quadrant 

Outi 3 -H 3 for the second quadrant 

- Out1 3-3 for the third quadrant 

20 

Out1 3-1 for the fourth quadrant. 

Therefore, if the quadrant calculator 15 is so adapted as to output the values 1,3, -3 and -1 in response to the first 
through fourth quadrants, respectively, then the converter 17 has only to add Outi 5 (the output of the quadrant calcu- 

25 lator 15) to - Out13 if the vector (Ax, Ay) lies in the first or third quadrant, that is. Out15 = 1 or -3, and to Out13 if the 
vector (Ax. Ay) lies in the second or fourth quadrant, that is, Outi 5 = 3 or -1 . 

However, if the result of the calculation by the converter 17 is to be used for differential detection, it is more advan- 
tageous for a subsequent process to make the output in the form of a product with a power of 2 rather than make the 
output 0 radian by multiplying (4e/7c) by 7c/4. A multiplication by a power of 2 is achieved only by bit shifting without the 

30 need of a hardware for multiplication. 

As described above, the inventive circuit 10 calculates an arctangent without the need of a conplicated circuit such 
as a multiplier or a conversion table, permitting a reduction of the size of the circuit 10. Therefore, adopting the circuit 
10 in a system such as a receiver contributes to a reduction in the size and the power consumption of the system. 

35 Embodiment 1 B 

FIG. 3 is a block diagram schematically showing an arctan (Ay/Ax) calculator 30 of illustrative Embodiment IB of 
the invention. The arctangent calculator 30 is based on the fact that the equation (1) may be written 

40 Ay - Ax = (4e/7t) - 1 rthe first quadrant (2) 

-(4e/7c) - 3 :the third quadrant 

Ay + Ax = -(4e/7c) + 3 :the second quadrant 

45 

(4e/7c) + 1 :the fourth quadrant 

The accuracy of this approximation is of course the same as that of the equation (1). 

In FIG. 3, the arctan (Ay/Ax) calculator 30 comprises a quadrant calculator 35 for generating first and second con- 
so trol signals and control data in response to sign bits of input signals Ax and Ay; a first sign determiner 31 for inverting 
the sign of an input signal Ax in response to the first control signal; an adder 32 for adding the output of the first sign 
determiner 31 to the input signal Ay; a second sign determiner 33 for inverting the output of the adder 32 in response 
to the second control signal; and a converter 37 for calculating 8 (= arctan (Ay/ Ax)) on the basis of the equation (2) by 
using the output of the second sign determiner 33 and the control data from the quadrant calculator 35. 
55 The first control signal is so arranged as to be logical "1 " if the sign bits of Ax and Ay are identical to each other and 
otherwise "0". The second control signal is the sign bit of Ax. 

As seen from the above description, the outputs of the adder 32 and the sign determiner 33, Out32 and Out33. 
respectively wili result in Table 1. 
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TABLE 1 



Quadrant • 


Out32 


Out33 


Out33 = (from Eq(2)) 


1 


Ay - Ax 


Ay - Ax 


(4e/K) - 1 


2 


Ay + Ax 


- Ay - Ax 


(46/71) - 3 


3 


Ay - Ax 


- Ay + Ax 


(40/71) + 3 


4 


; Ay + Ax 


Ay + Ax 


(46/71) + 1 



Also, From the equation (2). the output of the sign determiner 33. Out33. equals a con-esponding value in the column 
"Out33 =" of the above table. Therefore, if the quadrant calculator 35 is so adapted as to output the values 1,3.-3 and 
-1 in response to the first through fourth quadrants, respectively, then the converter 37 will have oniy to add the value 
from the quadrant calculator 35 to Out33 to yield 4Q/n. 

FIG. 4 Is a block diagram showing in a more detailed form the arctan (Ay/Ax) calculator of FIG. 3. In FIGs. 3 and 4. 
same elements are denoted by same numerals. Elements 41 through 43 and 47 correspond to elements 31 through 33 
and 37, respectively. 

A quadrant calculator 35 comprises an exclusive OR (XOR) gate 44 for XORing the input signals Ax and Ay; an 
inverter 45 for inverting the output of the XOR gate 44; output line 46 connected to the sign bit line for Ax for supplying 
the abovementioned second control signal; and the quadrant calculator 15 for supplying the values 1, 3. -3 and -1 for 
the first through fourth quadrants, respectively, which is identical to that of FIG. 1 . 

The arctangent calculator 30 further comprises an XOR circuit 41 for supplying Ax as it is if Out45 = 0 and supplying 
the complement of Ax if Out45 = 1 ; an adder 42 for adding the XOR circuit 41 output the input signal Ay, and the inverter 
45 output (as a can-y); an XOR circuit 43 for supplying the output of the adder 42 as it is if the MSB (the most significant 
bit) of Ax is 0 and supplying the complement of the adder 42 output if the MSB of Ax is 1 ; and an adder 47 for adding 
the XOR circuit 43 output, the quadrant calculator 15 output, and the MSB of /Vx (as a carry). 

In FIG. 4, each of the bold lines indicates a signal comprising a plurality of bits, and each of the fine lines indicates 
a single-bit line. 

In operation. Out45 = 0 if the MSB of Ax = the MSB of Ay, 1 othenwise. 
Since A-input of the adder 42 (hereinafter, referred to like 

Out41 « Ax . for Out45 = 0 
35c for OutdS - 1 . 

"!n42A") equals Out41 , ln42C - Out45 . and ln42B = Ay . then the output of the adder 42. that is. A + C + B is written: 

AX + o + Ay = AX + Ay ir auc4s = o 
Ax + 1 + Ay = - A?c + Ay if Out45 = 1 • 



In the same way. the output of the sign determiner 43, that is. (A + C) yields the values shown in the column "Out33*' of 
Table 1 . Since the quadrant calculator 1 5 supplies the values 1 . 3, -3 and -1 in response to the first through fourth quad- 
rants, respectively, then the adder 47 yields as is apparent from the column "Out33 of Table 1. 

Embodiment 2A 

FIG. 5 is a block diagram of a differential detection demodulator incorporating a arctangent calculator 30 (or 10) in 
accordance with illustrative Embodiment 2A of the invention. In FIG. 5. the differential detection demodulator 50 com- 
prises a phase detector or arctan Ay/Ax calculator 10 or 30 for detecting a polar coordinate 6 of the vector (Ax. Ay), 
where Ax and Ay is given as input signals; a delay element 51 for delaying the output of the phase detector 51 by a time 
period of one symbol; a subtracter (B-A) 52 for calculating a difference between two adjacent outputs of the phase 
detector 30 (hereinafter, assumed to be 30 because the structure of FIG. 30 is more simple than and preferable to that 
of FIG. 10): and a decision circuit 53 for decoding the output of the subtracter 52. 
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The phase detector 30 has the structure shown in FIG. 3 or 4 and calculates 40/71. If the detector 30 provides 4Q/k 
in 8 bits, it means that the polar coordinate or phase is expressed with a resolution of 360/256 degrees. The delay circuit 
51 delays the phase 4e/jt by a time period of one symbol. The subtracter 52 performs differential detection by subtract- 
ing the delay 51 output from the phase detector 30 output. Neglecting the carry in the subtraction has the effect of taking 
5 mod 2n. 

The decision circuit 53 outputs the two upper bits of each of the subtracter 52 outputs as decoded data 54. 
Embodiment 3A 

10 In Embodiments 1A, IB and 2A. it has been assumed that Ax^ + Ay^=1.A level controller will be described 
which controls the absolute value of a vector whose elements are given as input signals to become 1 so that the level- 
controlled outputs Ax and Ay of the level controller can be processed as they are in subsequent circuit. 

FIG. 6 is a block diagram of a level (or gain) controller in accordance with illustrative Embodiment 3A of the inven- 
tion. !n FIG. 6, the level controller 60 comprises a variable gain amplifier 61 for providing a level-controlled output in 

15 response to a control voltage supplied through a control terminal thereof; an orthogonal detector 62 for resolving the 
level-controlled output into elements Ax and Ay; A/D converters 631 and 632 for sampling the elements Ax and Ay. 
respectively, and providing corresponding digital values; absolute value calculators (CALCU.) 641 and 642 for each cal- 
culating the absolute value of the input digital value; a reference value generator (RVG) 65 for generating a reference 
value used for detecting the size of a vector whose elements are defined as the absolute values from the absolute value 

20 calculators 641 and 642; subtracters (A-B) 661 and 662 for subtracting the RVG 65 output from the absolute value cal- 
culator 641 and 642 outputs, respectively; a switch 67 for connecting one of its three input terminals to the output ter- 
minal thereof, two of the three input terminals being connected to the outputs of the subtracters 661 and 662; a shift 
register 68 for temporarily storing sign l?rts of the output data from the switch 67, the register 68 output being connected 
to the other one of the input terminals of the switch 67; a low pass filter (LPF) 69 for smoothing the output voltage of the 

25 shift register 68; a reference voltage generator 71 for generating a reference voltage; a subtracter (A-B) 72 for subtract- 
ing the reference voltage from the LPF 69 output: and a control voltage generator 73 for generating a control voltage for 
use in the gain control of the variable gain AMP 61 so as to make the output voltage of the subtracter 72 zero. 

In operation, the gain of the variable gain amplifier 61 is so controlled as to cause the vector size defined by the 
orthogonal detector 62 outputs Ax and Ay to become 1 . 

30 Specif icaMy, the output of the variable gain amplifier 61 is resolved by the orthogonal detector 62 into elements Ax 
and Ay, which are sampled by the A/D converters 631 and 632 into corresponding digital values, which in turn have 
at)Solute values calculated in the absolute value calculators 641 and 642, respectively 

Assuming the size of the vector (Ax, Ay) is 1, Ax = cosO and Ay = sine . Since Ax = Ay = 2"^^ for 0 = 7t/4 , it is 
assumed that the RVG 65 generates a reference value of 2"''^. Each of the subtracters 661 and 662 subtracts the ref- 

35 erence value 2""'^ from the absolute value from the absolute value calculator 541 , 642. Both of the probabilities that the 
result of the subtraction is positive and that the result is negative are 0.5 regardless of the value of 6 as long as 
Ax^ + Ay^ = 1. If Ax^+Ay^>1, then the probability of the positive result becomes larger, whereas if 
Ax ^ + Ay ^ < 1 , then the probability of the negative result becomes larger. 

Accordingly, if sign bits of the subtracter 661 and 662 outputs (0 in case of posrtive and 1 in case of negative) are 

40 Stored alternately in the shift register 68 by switching the switch 67 each time of subtraction operation of the subtracters 
661 and 662, Vs and O's in the shift register 68 are equal in number if the vector size is 1. O's exceeds I's if the vector 
size is larger than 1 , and 1 's exceeds O's othenA^ise. If the input signal is no longer supplied, the current data In the shift 
register 68 is circulated by causing the switch 67 to output the shift register 68 output or the shift register 68 is so reset 
as to store the same number of O's and Vs. 

45 Assume that the shift register 68 makes the output voltage 5V for a sign bit 1 and OV for a sign bit 0. Then, the out- 
put voltage obtained by the LPF 69 averaging the output voltage of the shift register 68 is about 2.5V if the vector size 
is 1 , smaller than 2.5V if the vector size is larger than 1 , and larger than 2.5V if the vector size is smaller than 1. 

The subtracter 72 outputs the difference obtained by subtracting the reference voltage of, e.g., 2.5V (in this exam- 
ple) from the LPF 69 output voltage, which is negative for a vector larger than 1 and positive for a vector smaller than 1 . 

so The control voltage generator 73 outputs such a control voltage as cause the subtracter 72 output voltage to 
become OV 

As described above, the level controller 60 can convert a result of the decision on the vector size into a voltage with- 
out the need of any D/A converter, permitting a reduction in the size and the power consumption of the circuit. 

55 Embodiment SB 

FIG. 7 is a block diagram of a level (or gain) controller with a more simplified arrangement in accordance with illus- 
trative Embodiment 3B of the invention. 

The level controller 70 of FIG. 7 is identical to the level controller 60 of FIG. 6 except that an A/D converter 63 which 
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is identical to the converters 631 and 632 in FIG. 6 has been placed before a "digital" orthogonal detector 74 and one 
A/D converter has been eliminated in FIG. 7. Specifically, an input signal is applied to the variable gain amplifier 61 , the 
output of which is connected to the input of the A/D converter 63, the output of which is connected to the orthogonal 
detector 62, the Ax and Ay outputs of which are connected to the absolute value calculators 641 and 642, respectively. 
5 And. the other part of the level controller 70 is identical to that of FIG. 6. 

Since the elements with the same reference numerals are identical to each other in FIGs. 6 arrf 7, the descriptions 
of the elements will be omitted. 

In operation, a signal which has been its level adjusted by the variable gain amplifier 61 is sampled by the A/D con- 
verter 63 into a digital signal. The level controlled digital signal is resolved by the digital orthogonal detector 74 into vec- 
10 tor elements Ax and Ay Since the orthogonal detection is digitally achieved, the elements Ax and Ay are free from 
errors which would otfierwise be involve in orthogonal detection. 

According to this illustrative embodiment, there are obtained from an orthogonally modulated signal the nomnalized 
components Ax and Ay and their absolute values |Ax| and |Ay|. 

75 Embodiment 2B 

FIG. 8 is a block diagram of a differential detection demodulator with an enor output capability in accordance with 
illustrative Embodiment 2B of the invention. The differential detection demodulator 80 is identical to that 50 of FIG. 5 
except that the former is further provided with a subtracter 84, its subtracting input terminal 84B being connected to the 
20 input terminal of the decision circuit 53. a subtracted input terminal of the subtracter 84 being connected to the decision 
circuit 53 output, and the subtracter 84 providing a decision error output 85, 

In operation, the subtracter 84 subtracts demodulated data 54 from the detected differential which is to be input to 
the decision circuit 53 to provide the decision error output 85. 

The decision error can be used for line quality estimation, likelihood necessary for error correction of soft decision, 
25 frequency error connpensation. diversity, etc. to enhance the reception quality and the accuracy of information neces- 
sary for system management. 

Embodiment 2C 

30 FIG. 9 is a block diagram of a circuit which is to be combined with the differential detection demodulator 80 of FIG. 
8 and provides it with a line quality estimate output capability in accordance with illustrative Embodiment 2C of the 
invention. 

In FIG. 9. the circuit 90 comprises an absolute value calculator 91 for calculating the absolute value of a decision 
error output from the subtracter 84 of FIG. 8; an adder 92 for integrating absolute values of decision errors for each time 
35 slot; and a conversion table for converting the integrated absolute values into a line quality estimate. 

In operation, the decision error output from the subtracter 84 of FIG. 8 has its absolute value calculated in the ele- 
ment 91. The calculated absolute values for each of the time slots are integrated by the adder 92 to yield an integrated 
value for the slot. Each of the integrated values is converted into a line quality estimate by the conversion table 93. 
According to this embodiment, the line quality estimates, which are used for. e.g., a hand over criterion and accord- 
40 Ingly have to be precisely calculated, are obtained with a high precision without using any complicated circuit. 

Embodiment 2D 

FIG. 1 0 is a block diagram of a circuit which is to be combined with the differential detection demodulator 80 of FIG. 
45 8 and provides it with a channel decoder for obtaining decoded data through a soft decision in accordance with illustra- 
tive Embodiment 2D of the invention. 

In FIG. 10, the circuit 100 comprises an absolute \^!ue calculator 91 for calculating the absolute value 102 of a 
decision error output from the subtracter 84 of FIG. 8; and a channel decoder 101, with its first input connected to the 
output of the decision circuit 53 in FIG. 8 and its second input connected to the calculator 91 output 102, for supplying 
so decoded data through a soft decision using the calculator 91 output 102 as phase likelihood. The phase likelihood is a 
value indicative of the likelihood of the decision circuit 53 output. Accordingly, the smaller the phase likelihood is. the 
more likely the decision circuit 53 output is. 

The channel decoder 101 performs decoding through the soft decision by using the phase likelihood. Doing this 
yields a decoded output of a better error characteristic as compared with a case of using only the decoded data 54 or 
55 the decision circuit 53 output. 

Embodiment 2E 

FIG. 1 1 is a block diagram of a circuit which is to be combined with the differential detection demodulator 80 of FIG. 
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8 and provides it with a frequency cx)ntrol signal output in accordance with illustrative Embodiment 2E of the invention. 

In FIG. 1 1 , the circuit 110 comprises an average value calculator 1 1 1 for calculating an average value of decision 
errors output from the subtracter 84 of FIG. 8; and a frequency control signal generator 1 1 2 for generating a frequency 
control value in response to the average value. 

5 In operation, decision errors or phase errors output from the subtracter 84 are averaged into an average phase 

error by the average value calculator 111. Since the phase errors are biased toward the positive side if the frequency 
has a positive error and toward the negative side if the frequency has a negative error, the average phase error takes a 
positive value if the frequency has a positive error and takes a negative value othenwise. Since the average phase error 
is prepositional to the frequency error, the frequency en-or is eliminated by making the average phase error zero. 

10 The frequency control signal generator 112 generates a frequency control value so as to make the average phase 
error zero. The frequency control value is supplied to a radio section, a orthogonal detector, etc. and used for removing 
the frequency error. 

Embodiment 2F 

15 

FIG. 12 is a block diagram of a differential detection demodulator with a frequency error correcting capability in 
accordance with illustrative Embodiment 2F of the invention. 

The differential detection demodulator 120 of FIG. 12 is identical to the demodulator 50 of FIG. 5 except that the 
former is further provided with a frequency error correcting circuit. In FIG. 1 2, what the differential detection demodula- 
te tor 120 has been further provided with is a frequency-conecting subtracter 121 with its B-input terminal connected to 
the subtracter 52 output and its output terminal connected to the decision circuit 53 output; a subtracter 84 with its A- 
input terminal connected to the decision circuit 53 output and its B-input terminal connected also to the subtracter 52 
output; and an average value calculator 1 1 1 with its output connected to an A-input of the frequency-correcting sub- 
tracter 121. 

25 In operation of frequency en-or conection, the phase differential 122 from the subtracter 52 is subtracted with an 
average phase error 125 supplied from the average value calculator 111, and has its frequency en-or removed in the 
frequency-conrecting subtracter 121. 

The decision circuit 53 outputs decoded data on the basis of the two upper bits of the error-offset phase differential 
from the frequency-correcting subtracter 121 . 

30 The phase differential 122 from the subtracter 52 is subtracted with the decoded data 123 from the decision circuit 
53 in the subtracter 84, which outputs a difference 124. The average value calculator 111 averages and supplies the 
differences 1 24 to the A-input of the subtracter 1 21 . The average value 1 25 of the differences 1 24 again takes a positive 
value for a positive frequency error and a negative value for a negative frequency error. Since the average value 125 is 
proportional to the frequency error 124, subtracting the average phase en-or 125 from the phase differential 122 in the 

35 frequency-correcting subtracter 121 causes the frequency enor to be removed. 

According to this illustrative emtxxJiment, a frequency en-or is removed from the decoded data, permitting an 
inrtprovement in the error rate. This is achieved without using a frequency control signal generator only by adding a fre- 
quency-correcting subtracter and a absolute value calculator and eliminates the need of providing a radio frequency 
section with a frequency error correcting function. 

40 

Embodiment 2G 

FIG. 13 is a block diagram of a differential detection demodulator (or differential detector) in a first diversity config- 
uration in accordance with illustrative Embodiment 2G of the invention. In FIG. 13, the differential detector 130 com- 
45 prises two Branches 1 and 2 or differential detectors 131-1 and 131-2 for each effecting differential detection of input 
signals Axi and Ayi for the Branch i (i = 1 . 2) and supplying demodulated data and phase likelihood data; and a selector 
132 for selecting one out of demodulated data from the two branches or detectors 131 on the basis of phase likelihood 
data from the two detectors 131 . 

Each of the differential detector^ 131 -1 and 131 -2 comprises a differential detector 80 (shown in FIG. 8) which out- 
50 puts the demodulated data through the line denoted by A encircled with a circle and phase errors through the line 
denoted by B encircled in a circle; and an absolute value calculator 91 (shown in FIG. 9) for calculating the average of 
phase errors and supplying the average as the phase likelihood. 

The phase likelihood indicates the likelihood of corresponding demodulated data, and shows a smaller value for 
more likely demodulated data. For this reason, on the basis of a comparison between the phase likelihoods of both 
55 branches, the selector 132 selects and outputs the demodulated data of the Branch i the phase likelihood of which is 
smaller. If. for example, the phase likelihood of Branch 1 is smaller than that of Branch 2. then the selector 132 selects 
and outputs the demodulated data of Branch 1 or the differential detector 131-1. 

In this way, a symbol -switching diversity is realized, enabling an enhancement of the reception quality. 
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Embodiment 

FIG. 14 is a block diagram of a differential detection demodulator (or differential detector) in a second diversity con- 
figuration in accordance with illustrative Embodiment 2H of the invention. The differential detector 140 of FIG. 14 is 
5 identical to that of FIG. 13 except that a buffer 143 for temporarily storing demodulated data has been inserted along 
the line denoted by a reference mark A encircled with a circle and an integrator 145 for integrating or accumulating 
absolute values from the element 91 has been inserted after the absolute value calculator 91 in each branch or differ- 
ential detector 141 -i in FIG. 140. 

In operation in each branch or differentia! detector 144-i. phase likelihood data output from an absolute value cal- 
10 culator 91 are accumulated for each predetermined period of time into a summed phase likelihood 1 46-i by an integrator 
145. and are then output to the selector 142, whereas demodulated data output from a differential detector 80 are 
stored in a buffer 143 for the same predetermined period of time, and are then output to the selector 142. 

The summed phase likelihood accumulated for a predetermined period time indicates the likelihood of demodu- 
lated data stored in the buffer 1 43 for the same predetermined period of time, and shows a smaller value for more likely 
15 demodulated data. For this reason, on the basis of a comparison between the summed phase likelihoods of both 
branches, the selector 132 selects and outputs the demodulated data of the Branch i the summed phase likelihood of 
which Is smaller. 

Since the diversity is achieved by using a summed phase likelihood as a criterion, this illustrative embodiment is 
more effective than that of FIG. 13 especially when the state of line changes slowly. 
20 In this way, a symbol-switching diversity is realized, enabling an enhancement of the reception quality. 

Embodiment 4 

FIG. 1 5 is a block diagram showing an illustrative embodiment of a data receiver obtained by combining the circuits 
25 Of Embodiments 1 A (FIG. 1). 3B (FIG. 7). 2C (FIG. 9), 2D (FIG. 10) and 2F (FIG. 12). 
This combination permits a further reduction in the number of components. 

In FIG. 1 5. the data receiver comprises the level controller of FIG. 7 for providing normalized components Ax and 
Ay and absolute values |Ax| and |Ayl of an orthogonally modulated input signal: a subtracter 13; and a quadrant calcu- 
lator 15; and converter 17. The subtracter 13, the quadrant calculator 15; and converter 17 can calculate arctan (Ay/Ax) 

30 using Ax, Ay |Ax| and |Ay|. Thus, this combination coretitutes the arctangent calculator 10 of FIG. 1 . 

The data receiver further comprises a delay element 51 , a subtracters 52, 84 and 121 , a decision circuit 53 and an 
average value calculator 111, which constitute the differential detection modulator 120 of FIG. 1 2. The data receiver fur- 
ther comprises an absolute value calculator 91 , a subtracter 92, conversion for storing line quality values, which consti- 
tute the circuit 90 of FIG. 9. And the data receiver further comprises a channel decoder which uses the output of the 

35 absolute value calculator 91 , which corresponds to the circuit 100 of FIG. 10. 

In operation, an orthogonally modulated input signal is so adjusts that the Ax and Ay component satisfy 
Ax ^ -h Ay ^ = 1 . and a polar coordinate equivalent 4e/7t is calculated in the circuit denoted by 1 0. The polar coordinate 
equivalent is differential-detected while having a frequency error corrected in the differential detection circuit 120 to 
yield a frequency-corrected decoded data from decision circuit 53 and a phase error from the subtracter 84. The 

40 decoded data is subjected to a soft decision in the circuit 100, and final decoded data is output from the channel 
decoder 101 . while the phase error is converted by the circuit 90 into a line quality estimate, which is output from the 
conversion table 93. 

The line quality estimate can be used as a criterion of hand over. Further, phase likelihood data output from the 
absolute value calculator 91 and a sum output from the adder 92 can used to realize a symbol -switching diversity as in 
45 Embodiments 2G (FIG. 1 3) and 2H (FIG. 1 4). 

As seen from the above description, the data receiver according to this illustrative embodiment has the feature of: 

(1) automatic level control of the input signal; 

(2) frequency error removal; 

50 (3) improved error rate through soft decision error correction by a channel decoder; and 
(4) high-precision line quality estimation. 

Embodiment 21 

55 FIG. 16 is a block diagram of a differential detection demodulator with a level controller built-in accordance with 
illustrative Embodiment 21 of the invention. The level controller of this embodiment receives such input signals Ax and 
Ay that Ax^ + Ay ^ = Z (2 ;t i) and calculates 4Q/k. 

Assuming 0 = arctan (Ay/Ax) , from equation (1) we obtain 
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(I Ax| - |Ay|)/Z ^ -(4e/7c) + 1 *e first quadrant (3) 

(46/71) - 3 :the second quadrant 
5 "(46/7:) - 3 :the third quadrant 

(4e/7c) + 1 :the fourth quadrant. 
The error between the both sides of the equation (1) is at most about 1 .8. The value Z can be written 

10 

Z = MAX(|Ax|. lAyl) + MIN(|Ax|. |Ay|)x{2 ^ - 1) (4) 

MAX(|Ax|. |Ay|) + MIN(|Ax|. |AyI)x0.375 (5) 

15 FIG. 17 shows the difference between the cases where Z is approximated by equations (4) and (5). If Z is to be calcu- 
lated in a digital circuit, using the equation (5) is more advantageous because 0.375 = 2"^ + 2'^, that is, 0. 375 can be 
calculated by bit shifting instead of multiplying with 0.375. Thus, the differential detection demodulator 160 is arranged 
on the basis of the equations (3) and (5). 

In FIG. 16, the differential detection demodulator 160 comprises absolute value calculators 11-1 and 1 1-2 for cal- 
20 culating absolute values of input vector elements Ax and Ay; an arctangent calculating subtracter 13 for calculating the 
value of |Ax| - 1 Ay|; a quadrant calculator 1 61 for supplying first and second quadrant information on the basis of Ax and 
Ay; a selector 162 for separately supplying the larger and smaller ones of |Ax| and |Ay| through output terminals MAX 
and MIN, respectively, on the basis of the absolute values; a 2-bit shifter 163 for shifting the M!N output 2 bits right; a 
3-bit shifter 1 64 for shifting the MAX output 3 bits right: an adder 1 65 for adding the outputs of the 2-bit shifter 1 63 and 
25 the 3-bit shifter 1 64 to providing a value of MIN(| Ax|, | Ay|)x0.375; an adder 1 76 for adcfing the selector 1 62 MAX output 
and the adder 1 65 output to provide the value of Z; a 1 -bit shifter 1 68 for shifting the adder 1 66 output a single bit right 
to provide the value of 2Z; an adder 167 for adding the adder 166 output and the 1-bit shifter 168 output to provide the 
value of 3Z; a selector 1 69 for selectively supplying one of the values 0. Z. 2Z and 3Z according to the second quadrant 
information from the quadrant calculator 161 ; a sign determiner 43 for inverting the sign bit of the subtracter 13 output 
30 according to the second quadrant information; a phase offsetting adder 37 for adding the selector 169 output, the sign 
determiner 13 output and the second quadrant information; a delay element for delaying the phase offsetting adder 37 
output for a time period of a symbol; a differential detection subtracter 52 for effecting differential detection by subtract- 
ing the delay 51 output from the delay 51 input: an absolute value calculator 1 72 for outputting the absolute value and 
the sign bit of the subtracter 52 output; subtracters 1 73 through 1 75 for subtracting Z, 2Z and 3Z from the absolute value 
35 calculator 1 72 output, and a decoder 1 76 for providing decoded data through a combination of codes output from the 
absolute value calculator 1 72, 

In operation, the differential detection demodulator 160 of this embodiment performs differential detection on 
(4eZ/7r) obtained by multiplying tx)th sides of the equation showing the relationship between 0 and |Ax| - |Ay| by Z, and 
decodes data expressed by a combination of the signs of the values obtained by subtracting 0, Z, 2Z and 3Z from the 
40 absolute value calculator 1 72. 

Specifically, input vector elements Ax and Ay have their absolute values calculated by the absolute value calcula- 
tors 11-1 and 11-2, respectively. The subtracter 13 calculates |Axl - lAyj. 

The calculated absolute values are input to the selector 162 and the larger and smaller ones are output through 
MAX and MIN output terminals under the control of the sign of the subtraction result of the subtracter 13. The MIN out- 
45 put is shifted 2 bits right by the 2-bit shifter 163 and shifted 3 bits right by the 3-bit shifter 164, and added together by 
the adder 165. The MAX output of the selector 162 and the adder 165 output are added together by the adder 166 to 
yield the value of Z. which is an approximate value found with Z = MAX(|Ax|. |Ay|) + MIN(|Ax|. |Ay|)x0.375 . 

The value of Z is shifted one bit left by the 1-bit shifter 168 to yield the value of 2Z. which is added with the adder 
1 66 output to yield the value of 3Z. 
so Input signals Ax and Ay are also input to the quadrant information generator 1 61 . which outputs first quadrant infor- 

mation which indicates the quadrant where the vector (Ax. Ay) lies and second quadrant information which is 1 if the 
vector (Ax. Ay) lies in the first or third quadrant and 0 otherwise. 

The subtracter 13 output or |Ax| - |Ay| is sign-inverted by the sign determiner 43 if the value of second quadrant 
information is 1 and output as it is. otherwise. The output of the sign determiner 43 is added by the phase offsetting 
55 adder 37 with the second quadrant information from the element 1 61 and the selector 1 69 output. Since adjacent output 
values from the adder 37 are to have their differential taken by the subtracter 52. the selector 1 69 is so controlled by the 
second quadrant information as to output the phase difference between the quadrant of the symbol and the first quad- 
rant. 

The adder 37 output is supplied to the delay element 51 and the subtracter 52. The delay element 51 delays the 
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adder 37 output for a time period of a symbol to ou^ut the previous output value of the adder 37. The current output 
value from the adder 37 is subtracted in the subtracter 52 with the previous output value of the adder 37. The absolute 
value calculator 172 outputs the absolute value and the sign bit of the output from the subtracter 52. The decoder 176 
is supplied with a sign bit of the input signal of the absolute value calculator 172, and sign bits obtained by the subtract- 
5 ers 1 73 through 1 75 subtracting Z, 32 and 22 from the absolute value, and outputs decoded data expressed by a com- 
bination of the 4 sign bits. 

Unlike Embodiments 3A and 3B shown in FIGs. 6 and 7, the present embodiment can effect the level control within 
a demodulating section without the need of controlling a radio frequency section, permitting a more staWe and precise 
reception. 

10 

Embodiment 2J 

FIG. 18 is a block diagram of a differential detection demodulator with a simplified level adjusting circuit built-in 
accordance with illustrative Emtsodiment 2J of the invention. 

15 In FIG. 1 8, the circuit for calculating the value of Z comprises the element 1 1 -1 and 11-2.13.1 62 through 1 66 and 
is identical to the corresponding circuit of FIG. 1 6. The differential detection demodulator 1 80 further comprises a quad- 
rant information generator for providing a first and a second quadrant information output; a sign determiner 43 for invert- 
ing the sign of the subtracter 13 output in response to a first quadrant information output; a delay element 51 for 
delaying the sign determiner 43 output for a time period of a symbol; a subtracter 52 for effecting differential detection 

20 by subtracting the delay 51 output from the sign determiner 43 output; a absolute value calculator 1 71 for calculating 
the absolute value of the subtracter 52 output, a subtracter 1 72 for subtracting the value of 2 from the absolute value; 
a delay element 1 82 for storing a first quadrant information output for the just preceding symbol; and a decoder 1 83 for 
decoding data on the basis of a combination of the signs output from the absolute value calculator 1 71 , the subtracter 
172. the quadrant infornratlon generator 181 first output terminal and the delay element 182. 

25 In operation, the subtracter 13 output has Its sign bit inverted by the sign determiner 43 if the vector (Ax. Ay) lies in 
the first or third quadrant. The sign determiner 43 output has a value ranging from -2 to 2, and is subtracted in the sub- 
tracter 52 with the previous output value of sign determiner 43 which has been delayed for a time period of one symbol 
by the delay element 51 . 

The sutotracter 52 output has a value ranging from -2x2 to 2x2. In order to know which of areas from -2x2 to -2, 
30 from -2 to 2, and from Z to 2x2, the subtracter 52 output belongs to, the absolute value of the subtracter 52 output is 
calculated by the absolute value calculator 171. The calculated value is in a range from 0 to 2x2. The subtracter 172 
subtracts the value of 2 from the calculator 171 output. 

Then, the decoder 1 76 can decode data based on information on which of areas from -2x2 to -2. from -2 to 2, and 
from 2 to 2x2 the subtracter 52 output belongs to. information given by the quadrant information generator 161 second 
35 output on a quadrant to which the vector (Ax, Ay) belongs (second quadrant information output), and a second quadrant 
information output for the just preceding symbol or the delay 182 output. 

A differential detection demodulator according to this embodiment is a more simplified arrangement than that of 
FIG. 16, permitting a further reduction in the size and the power consumption of a system Incorporating a differential 
detection demodulator according to the embodiment. 
40 Though the illustrative embodiments 2G and 2H of FIGs. 13 and 14 have diversity arrangement comprising two 
branches, they may have any number of branches. 

It should be noted that if a data receiver comprises a plurality of branches the sampling phases of which are differ- 
ent from each other, the phase likelihood obtained by the arrangement of FIG. 13, the integrated value of phase likeli- 
hood obtained by the arrangement of FIG. 1 4 and the line quality estimate obtained by the arrangement of FIG. 1 5 can 
45 be used as a criterion for the selection of a branch with the optimal sampling phase. 

Many widely different embodiments of the present invention may be constructed without departing from the spirit 
and scope of the present invention. It should be understood that the present invention is not limited to the specific 
embodiments described in the specification, except as defined in the appended claims. 

A differential detection receiver with a reduced power consumption is provided by simplifying constituent circuits of 
50 the differential detection receiver An arctangent calculator is realized without using an multiplier or a conversion table. 
Without using a D/A converter, a level adjusting circuit for adjusting the absolute value of a vector (Ax, Ay) given as input 
signals Ax and Ay so as to make it one. The power consumption of a differential detection demodulator is reduced by 
eliminating power consuming circuits such as a multiplier and a large conversion table from the system. There are dis- 
closed some embodiments. 

55 

Claims 

2 2 

1 . An angle calculator for calculating a value of 0 from input signals Ax and Ay which satisfy Ax + Ay = 1 , where 
e = arctan (Ax/Ay) , the angle calculator comprising: 
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means for calculating absolute values |Ax| and |Ay| of said signals Ax and Ay; 
means for finding a value of |Ax| - lAy|; 

means responsive to sign bits Sx and Sy of said input signals Ax and Ay, respectively, for supplying a data 
associated with said sign bits Sx an Sy; and 

means for calculating the value of 9 by using said N^lue of |Ax| - |Ay| and said data on the basis of following 
equations: 

|Ax| - 1 Ay| = -(4e/7i) + 1 for the first quadrant 

(4e/7i) - 3 for the second quadrant 
-(4e/7c) - 3 for the third quadrant 
(4e/7t) + 1 for the fourth quadrant. 

2 2 

An angle calculator for calculating a value of e from input signals Ax and Ay which satisfy Ax + Ay = 1 , where 
6 = arctan (Ax/Ay) . the angle calculator comprising: 

means responsive to sign bits Sx and Sy of said signals Ax and Ay, respectively, for generating a control signal 
and a data associated with said sign bits Sx and Sy. said control signal being logical "1 " if said sign bits are 
identical to each other and being logical ''O" otherwise; 

means for supplying a 1 *s complement of said signal Ax if said control signal is 1 and othenwise supplying said 
signal Ax as it is, as a sign-adjusted output; 

means for finding a sum of said sign-adjusted output and said signal Ay; 

means for supplying a 1 *s complement of said sum if said sign bit Sx is 1 and otherwise supplying said sum as 
it is, as a sign-adjusted sum; and 

means for calculating the value of 0 by using said sign-adjusted sum and said data on the basis of following 
equations: 

Ay - Ax = (4e/7i) - 1 for the first quadrant 

Ay + Ax = -(40/7C) + 3 for the second quadrant 

Ay - Ax ^= -(4e/7c) - 3 for the third quadrant 

Ay + Ax ^ (4e/jr) + 1 for the fourth quadrant. 

A calculator as defined in claim 2, wherein: 

said data is 1. 3, -3 and -1 for (Sx. Sy) = (0,0). (1.0). (1. 1) and (0, 1), respectively; and 

said means for calculating the value of 8 comprises means for adding said data to said sign-adjusted sum. 

A differential detector operable on a reduced power provided with an angle calculator as defined in any of claim 1 
or 2, the differential detector comprising: 

means for receiving said value of e and supplying a symbol-delayed version of said value of 0; 
subtracting means for subtracting said symbol -delayed version from said value of e to provide a phase differ- 
ence; and 

decision means for providing a decoded signal on the basis of said phase difference from said subtracting 
means. 

2 2 

A level controller for controlling a level of an orthogonally modulated Input symbol so that Ax + Ay = 1 , where 
Ax and Ay are components of said input symbol, the level comptroller comprising: 

means responsive to a control signal for receiving said input symbol and providing a level-controlled signal; 

means for resolving said level-controlled signal into said components Ax and Ay; 

means for sampling and converting said components Ax and Ay into digital signals Ax and Ay; 

means for finding absolute values |Ax| and |Ay| of said signals Ax and Ay; 

means for separately subtracting a first reference value RV1 from said absolute values |Axl and |Ayl and pro- 
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viding differences |Ax| - RV1 and |Ayl - RV1 ; 

means for alternately supplying one, for each symbol, of said differences |Ax| - RV1 and | Ay| - RV1 as an alter- 
nate difference: 

means for temporary storing and shifting out a predetermined number of alternate differences; 
5 means for smoothing said predetermined number of alternate differences: 

means for subtracting a second reference value from an output voltage of said smoothing means to provide a 
deviation voltage; and 

means for generating said control signal so as to make said deviation voltage zero ard supplying said control 
signal to said means for providing a level-controlled signal. 

10 

6. A level controller for controlling a lev^ of an orthogonally modulated input symbol so that Ax^ + Ay^ = 1 , where 
Ax and Ay are components of said input symbol, the level comptroller comprising: 

means responsive to a control signal for receiving said input symbol and providing a level-controlled signal; 
15 means for sampling and converting said levelKX)ntrolled signal into a digital signal; 

means for resolving said digital signal into vector components Ax and Ay through orthogonal detection; 
means for finding absolute values | Ax| and |Ay| of said components Ax and Ay; 

means for separately subtracting a first reference value RV1 from said absolute values |Ax| and |Ay| and pro- 
viding differences |Ax| - RV1 and |Ay| - RV1 ; 
20 means for alternately supplying one, for each symbol, of said differences |Axl - RV1 and |Ay| - RV1 as an alter- 

nate difference: 

means for temporary storing and shifting out a predetermined number of alternate differences: 
means for smoothing said predetermined number of alternate differences: 

means for subtracting a second reference value from an output voltage of said smoothing means to provide a 
25 deviation voltage; and 

means for generating said control signal so as to make said deviation voltage zero and supplying said control 
signal to said means for providing a level-controlled signal. 

7. A differential detector as defined in claim 4, further comprising: 

30 

error detecting means for detecting an error between said decoded signal from said decision means and said 
phase difference. 

8. A differential detector as defined in claim 7, further comprising: 

35 

means for calculating an absolute value of said error; 
means for accumulating said absolute values into a sum; and 

means for storing a set of line quality estimates and supplying one of said set of line quality estimates associ- 
ated with said sum as a line quality estimate. 

40 

9. A differential detector as defined in claim 7, further comprising: 

means for calculating an absolute value of said error; and 

a channel decoder for making a soft decision on data to be decoded by using said absolute value of said error, 

45 

10. A differential detector as defined in claim 7, further comprising: 

means for calculating an average value of said errors: 

means for generating a control signal for removing a frequency error. 

so 

1 1 . A differential detector as defined in claim 7, further comprising: 

means for calculating an average value of said errors: and 

means inserted between said subtracting means and said decision means for causing said average value to 
55 offset a frequency error in said phase difference. 

12. A diversity differential detector comprising: 

a plurality of branches, each comprising a differential detector as defined in claim 7 and means for calculating 



13 



EP0794 638 A2 



an absolute value of said error; and 

means operative on the basis of said absolute values from said plurality of branches for selecting and output- 
ting one of said decoded signals supplied from said decision means of said differential detectors in said plural- 
ity of branches. 

1 3. A diversity differential detector as defined in claim 1 2, wherein each of said plurality of branches further comprises: 

means for integrating said absolute values for a plurality of symbols into an integrated value; and 

a buffer for temporarily storing said decoded signals from said decision means, and wherein said selecting and 

outputting means is operative on the basis of said integrated values instead of said absolute values. 

2 2 1/2 • * 

14. A circuit for calculating a radius Z from input signals Ax and Ay. where (Ax + Ay ) = Z . the arcurt comprising: 

means for separately calculating absolute values of said input signals Ax and Ay; 
means for calculating a value of |Ax| - \Ay\\ 

means having input terminals Tx and Ty for |Ax| and |Ay|, respectively, and output terminals MAX and MIN for 

connecting said input terminals Tx and Ty with said output terminals MAX and MIN respectively if a sign bit of 

said value is 0 and for reversely connecting them otherwise; 

a first bit shifter for shifting an output of said terminal MIN 2 bits right; 

a second bit shifter for shifting an output of said terminal MIN 3 bits right; 

a first adder for adding outputs of said first and second bit shifters; 

a second adder for adding an output of said first adder with an output of said terminal MAX to provide a value 
of Z. 

15. A differential detector incorporating a circuit as defined in claim 14, the differential detector further comprising: 

a third bit shifter for shifting said value of Z a single bit right to provide a value of 2Z; 

a third adder for adding said value of Z to said value of 2Z to provide a value of 3Z; 

a quadrant calculator for supplying first through third control signals on the basis of Ax and Ay; 

a selector for selectively supplying one of Z and 3Z according to a first control signal; 

means for inverting a sign bit of said value of |Ax| - |Ay| according to third control signal; 

inverting means for taking a 1 's complement of said one of Z and 3Z from said selector; 

an adder for adding an output of said inverting means, said value of |Axl - |Ay| and a second control signal; 

a delay element for delaying an output of said adder for a time period of a symbol; 

a differential detection subtracter for effecting differential detection by subtracting an output of said delay ele- 
ment from said output of said adder; 

an absolute value calculator for calculating an absolute value of an output from said differential detection sub- 
tracter; 

subtracters for subtracting Z. 2Z and 3Z from said absolute value from said absolute value calculator; and 
a decoder for providing decoded data through a combination of codes output from said absolute value calcu- 
lator. 

1 6. A differential detector Incorporating a circuit as defined in claim 1 4. the differential detector further comprising: 

a quadrant calculator for supplying first and second control signals on the basis of Ax and Ay; 

a first delay element for delaying said first control signal for a time period of a symbol; 

means for inverting a sign bit of said value of |Ax| - |Ay| according to said second control signal; 

a second delay element for delaying an output of said inverting means for a time period of a symbol; 

a differential detection subtracter for effecting differential detection by subtracting an output of said delay ele 

ment from said output of said adder; 

an absolute value calculator for calculating an absolute value of an output from said differential detection sub 
tract er; 

a subtracter for subtracting Z from said absolute value from said absolute value calculator; and 

a decoder for providing decoded data through a combination of codes output from said absolute value calcu 

iator. 
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(54) Differential detection receiver 

(57) A differential detection receiver w\XU a reduced 
power consumption is provided by simplifying constitu- 
ent circuits of the differential detection receiver. An arc- 
tangent calculator is realized without using an multiplier 
or a conversion table. Without using a D/A converter, a 
level adjusting circuit for adjusting the absolute value of 



a vector (Ax, Ay) given as input signals Ax and Ay so as 
to make it one. The power consumption of a differential 
detection demodulator is reduced by eliminating power 
consuming circuits such as a multiplier and a large con- 
version table from the system. There are disclosed 
some embodiments. 
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